An extended theoretical study of interface potentials in adsorbed colloid-polymer mixtures is performed. To describe the colloid-polymer mixture near a hard wall, a simple Cahn-Nakanishi-Fisher free-energy functional is used. The bulk phase behaviour and the substrate-adsorbate interaction are modelled by the free-volume theory for ideal polymers with polymer-to-colloid size ratios q = 0.6 and q = 1. The interface potentials are constructed with help from a Fisher-Jin crossing constraint. 
descending with increasing contact angle. The line tension takes a positive value of 10 −14 -10 −12 N near a first-order wetting transition, passes through zero and decreases to minus 10 −14 -10 −12 N away from the first-order transition. The calculations of the boundary tension along prewetting yield values increasing from zero at the prewetting critical point up to the value of the line tension at first-order wetting.
I. INTRODUCTION
A theoretical wetting study is presented with calculations of the line tension and the boundary tension of a model colloid-polymer mixture. The wetting properties of demixed colloid-polymer mixtures adsorbed at a glass wall have been investigated experimentally and theoretically, following the development of the confocal scanning laser microscopy technique for this system [1] [2] [3] . This paper is an extension of a previous report in which only the line tension at first-order wetting was investigated [4] . Now, the line tension well into the partial wetting regime and the boundary tension along prewetting are considered for the same colloid-polymer model.
The line tension is the excess free energy per unit length attributed to the contact line where three immiscible phases meet [5, 6] . Here, the three phases are colloidal gas (a phase rich in polymers and poor in colloids), colloidal liquid (rich in colloids and poor in polymers), and a solid (substrate, which is a spectator phase). The solid phase is in mechanical equilibrium with the adsorbates and Young's law is applicable at the three-phase contact line [7] . Experimentally, a wetting transition of what seems to be first-order has been observed for a colloidpolymer mixture with a size ratio q ≈ 1 [8, 9] . However, to make a definitive statement about the order of this wetting transition more evidence is needed. Also, for size ratio q ≈ 0.6 only complete wetting states have been observed [10, 11] .
There is a possible extension of the first-order wetting transition off-coexistence where distinct surface phases are present [5, 6, 12, 13] . Here, only the colloidal gas is a stable bulk phase. However, microscopic and mesoscopic films of a colloidal liquid-like phase can be present at the wall. Coexistence of the two thin-film states is possible at a prewetting transition. A line of prewetting transitions starts at the wetting transition and ends in a prewetting critical point. Along this prewetting line, a boundary tension can be defined, which is conceptually related to the line tension. Two possible surface phases share a one-dimensional boundary, and the excess free energy per unit length attributed to this boundary is the boundary tension. In the prewetting critical point the boundary tension vanishes, whereas it takes the same value as the line tension in the wetting transition.
This paper is set up as follows. First, the CahnLandau mean-field functional for colloid-polymer mixtures [4, 14, 15] is reviewed briefly and the interaction potentials and parameters are explained. Then, the interface potentials for the system at first-order wetting, in the partial wetting regime and along prewetting are presented and attention is given to the choice of the FisherJin crossing constraint. The interface potentials are used to calculate the line and boundary tensions. Finally the results are summarised.
II. A COLLOID-POLYMER MIXTURE NEAR A HARD WALL
The colloid-polymer mixture near a hard wall can be described by the surface free energy functional
The order parameter, ρ(z), is the mean-field colloid number density at perpendicular distance z from the wall, which is located at z = −σ c /2, with σ c the colloid particle spheres. Therefore, the free volume theory with ideal polymers without curvature effects can be applied. The free energy can be written as [16] 
Here F 0 (N c , V, T ) is the hard-sphere free energy, p R is the polymer reservoir pressure of ideal polymers -which can be expressed in terms of the reservoir polymer vol-
, with σ p the polymer "diameter" related to the radius of gyration R g = σ p /2 -and α(φ c ) is the free-volume fraction available to polymers, which is a function of the colloid volume fraction, φ c . For α(φ c ) an approximate expression is found in scaled particle theory [17, 18] . The hard-sphere free energy is given by the well known Carnahan-Starling expression [19] .
The second part of the free energy functional is the squared gradient term in the integrand, m(ρ)( loid center-to-center distance r and density ρ. The direct correlation function is approximated by [21, 22] c(r, ρ) =
where u(r) is an attractive interaction potential and arises from the overlap of the depletion zones around the colloid where the polymer is excluded. The two-colloidparticle interaction potential is given by the AsakuraOosawa depletion potential [23, 24] .
The terms outside the integrand, −h 1 ρ 1 − These terms correspond to the contact interaction of the colloid-polymer mixture with the hard wall. Here, h 1 is the surface excess chemical potential, g is the surface enhancement parameter, and ρ 1 = ρ(0), the colloid density at the wall. In the framework of the free-volume theory,
with V 2 the volume overlap of the depletion zones of a colloidal particle and the hard wall [10, 15] .
where U 3 = p R V 3 , with V 3 the triple overlap of the excluded volumes of two colloids and the hard wall [25] . Recently, Blokhuis and Kuipers argued that this representation of the surface enhancement parameter is incomplete [26] . They showed that an extra term has to be included, For this reason, and in view of our goal to complete the previous account [4] in which no consideration was made of this extra term in the surface enhancement parame-
ter, this refinement to the theory is ignored. This means that a first-order wetting transition is considered here with a prewetting regime. Thus, for this study the free volume theory with ideal polymers as presented by Aarts et al. [15] is adopted. A phase diagram of this colloidpolymer system, including a prewetting line, was already presented there [15] . A thorough generic phase diagram for first-order wetting with representations of all the possible surface phases has been presented by Perkovic et al. [13] .
III. INTERFACE POTENTIALS
The Fisher-Jin interface potential [27] is the excess free energy per unit area for a homogeneous liquid film of fixed thickness ℓ adsorbed at the spectator phase. Therefore, it can be regarded as a constrained, non-equilibrium surface free energy. The interface potential can be obtained from computing the surface free energy γ[ρ] for the constrained density profile, the constraint being a crossing density ρ × at a distance ℓ from the surface. An example of a density profile obeying the Fisher-Jin crossing constraint is shown in Fig. 1 . In the previous report [4] , it was argued that single-crossing profiles are insufficient to map the complete interface potential. For single-crossing profiles, the density follows the constrained profile up to
An example of a density profile on which the crossing constraint has been imposed. The profile starts with density ρ 1 at the wall and is constrained up to the crossing density ρ × . From there the constant of motion is set to zero and the density profile is the unconstrained one, ultimately reaching the bulk vapour phase density ρ v . Note the discontinuity of the first derivative of ρ(z) at z = ℓ. [4].
Here, we argue that the double-crossing profiles can be avoided if the crossing density is chosen more judiciously.
In this section the interface potentials for partial wetting and for prewetting are considered. 
and the following boundary condition applies
The constant of motion is
Double-crossing profiles were necessary for φ × c = 0.03 and q = 1, as the interface potential was incomplete [30] . In Fig. 2 the interface potentials of single-crossing proposed as an instructive analytical representation of the interface potential.
This fit consists of two parts. The first part is a Taylor expansion about the thin-film minimum at ℓ 1 up to third or fourth order. The second part reflects the exponential tail converging to minus the proper spreading coefficient,
This tail is approximated by e −ℓ/ξ , e −2ℓ/ξ , · · · with ξ the bulk correlation length. This fit introduces an artificial singularity at ℓ = ℓ a , whereas the interface potentials are smooth throughout. Table I 
B. Prewetting towards complete wetting
The interface potential that describes the prewetting transition takes the form
where V (ℓ) is, with minor modifications, the interface potential at the wetting transition and H is a dimensionless field which takes the system off of two-phase equilibrium and γ LG is the liquid-gas surface tension at zero field. The factor γ LG H/ξ takes the value of the constant of motion at large ℓ. Along the prewetting line as H → 0 the thick-film thickness increases to infinity, and the interface potential converges to the first-order wetting interface potential V (ℓ). As can be seen in Fig. 4 the interface potential in the prewetting regime displays two minima, congruent with two surface phases. The first minimum corresponds to the thin film and the second corresponds to the thick film. Table   II reports 
IV. LINE AND BOUNDARY TENSION
It was previously explained that the excess free energy per unit length of the surface inhomogeneity can be treated within the interface displacement theory [4] . The line tension is a functional of the displacement of the interface perpendicular to the substrate, and minimising this functional yields the equilibrium line tension [6, 32] .
In the squared gradient approximation, this leads to the following expression for the line tension [6] 
where γ LG is the liquid-gas surface tension,l = ℓ/ξ with ξ the correlation length, and −S is minus the spreading coefficient, which takes the value of lim ℓ→∞ V (ℓ). The lower integration limit, ℓ 1 , is the thin-film minimum.
Via the spreading coefficient the contact angle can be calculated. In This can be easily comprehended from the larger area under the V (ℓ) curve, as already pointed out near firstorder wetting [14] . However, with increasing contact angle the difference in line tension decreases and for θ ≈ 40
• the line tensions are equal. It can be observed in Fig. 5 that the crossing density necessary to provide a complete interface potential, and thus a value for the line tension, increases with increasing contact angle. Like for the line tension, an expression for the boundary tension can be found by using the interface displacement model. This leads to [6] 
Here, ℓ 1 and ℓ 2 are the thin-film and thick-film minima, respectively. The boundary tension for q = 1 and pass through zero and become negative for larger contact angles. For a fixed particle size, close to the wetting transition, the line tension for q = 0.6 is significantly lower than for q = 1, whereas they are equal at a contact angle of approximately 40
• . The computed boundary tension along prewetting ranges from zero at the prewetting critical point to the line tension value at the wetting transition.
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